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Abstract 
The development of attractive and competitive products is not a question of unique features but of best quality for money. However, defining 
‘quality’ from the customers' perspective and controlling it throughout the product development process is a fuzzy and arduous task. Especially 
for producers of exchangeable consumer durables, which are, simultaneously, fighting cost pressure and shortening product and technology life 
cycles. To solve this dilemma of speed and focus, a proper methodology is needed to enhance customer orientation and systematically integrate 
customer requirements into the product development process. Quality Function Deployment (QFD) and its derivates represent trailblazers for 
this kind of systematic, quality focused and customer oriented product development. Nevertheless they are largely dependent on the quality of 
their input. The "resolution" of requirements is crucial for the outcome. In case of single sensual perceptions as haptics or optics this challenge 
becomes obvious. An appropriate survey method to identify requirements regarding those sensations can be found with food science. Sensory 
studies for the description and discrimination of single-sense impressions are used to evaluate and improve new products, usually regarding 
taste and smell. The paper presents the integration of Descriptive Analysis (DA) and QFD for the case of surface haptics. Next to the fact that 
DA is rather new to the investigation of haptics, the integration demands a matching of steps and a combination of quantitative (DA) and 
qualitative (QFD) approaches. Nevertheless, this traceable and repeatable proceeding allows for an impact driven resource deployment and, for 
this reason, a more effective product development process, as well as a sustainable improvement in perceived product quality. A case of leather 
surfaces serves as an example for this matter. 
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1. Introduction 
In most cases the development of attractive and 
competitive products is not a question of unique features but 
of best quality for money. However, defining ‚quality’ from 
the customers’ perspective and controlling it throughout the 
product development process is a fuzzy and arduous task. 
Especially for producers of exchangeable consumer durables, 
which are, simultaneously, fighting cost pressure and 
shortening product and technology life cycles. To solve this 
dilemma of speed and focus, a proper methodology is needed 
to enhance customer orientation and systematically integrate 
customer requirements into the product development process.   
Quality Function Deployment (QFD) and its derivates have 
been and still are trailblazers for this kind of systematic, 
quality focused and customer oriented product development. 
Nevertheless they are largely dependent on the quality of their 
input. The consequence of a misinterpreted customer 
requirement would be a more or less cost intensive customer 
mismatch or market failure. The quality of customer 
requirements decreases with the level of detail and so does the 
usability of such information for a requirement-attribute-
correlation as intended in the House of Quality (HoQ). This 
can be ascribed to the fact, that for a detailed level of 
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specification, for example single sensual perceptions, the 
customer is neither able to precisely differentiate between 
several sensations nor capable of a proper verbalization of his 
demands [5]. Though sensations have a major impact on 
customer’s evaluation of a product’s general performance and 
quality. 
The paper at hands broaches the issue of single customers 
sensations and focusses the impact of haptic sensations on the 
evaluation of product quality. Appropriate survey methods 
can be found in the field of food science. Here sensory studies 
are used to evaluate and improve new products by description 
and discrimination of single-sense impressions (taste and 
smell). In the following paragraphs’ a two step approach is 
presented, which integrates “sensory” techniques into the 
development of consumer durables by transferring the 
methodology of descriptive analysis to the sensation of 
haptics (step 1) and integrating process and results into an 
established product development tools, the House of Quality 
(step 2). This approach ensures systematic customer 
orientation in every last detail. 
Beforehand, perceived quality and methods to elicit 
examine customer’s perception shall be outlined. 
Subsequently, the approach will be depicted and an example 
for an application shall be given. 
2. Perceived Quality 
To understand the connection of quality and sensory 
sensations a brief overview of the historical and the recent 
development of perceived quality shall be given. 
2.1. Historical development 
Especially when exploring the history of the term “product 
quality”, there are several publications and models referring to 
its multidimensional character [18].  
In his paper in 1970, Shapiro was the first to mention 
Perceived Quality while describing influences on purchase 
behavior with a theoretical model [19]. A few years later, in 
1972, Olson defined the perception of quality as a two-stage 
process: First, the consumer chooses between different 
available cues to judge the product quality at hand. 
Afterwards the user combines those cues and forms his 
overall impression of the products’ quality. Olson refers to 
two values as determining factors for a customer to evaluate 
those cues. On the one hand, the “predictive value” describes 
to which extent the customer believes that a cue serves as an 
indicator for product quality. On the other hand, the 
“confidence value” specifies to which degree the customer is 
confident to accurately perceive and evaluate the cue [13]. 
Olsen and Jacobi also distinguish between intrinsic and 
extrinsic cues. While intrinsic cues cannot be changed without 
changing physical product characteristics, extrinsic cues are 
cues that are related but not physically part of the product 
(e.g. brand and product image) [14]. 
Garvin identified the transcendent approach of philosophy, 
the product- and user-based approaches of economics, 
marketing and operations management, and the 
manufacturing- and value-based approaches from operations 
management, as the five major approaches for the definition 
of quality [4]. According to these different approaches he 
proposes eight basic quality dimensions: performance, 
features, reliability, conformance, durability, serviceability, 
aesthetics and perceived quality [7]. He defines Perceived 
Quality as a subjective dimension, which includes judgment 
based on reputation, brand name and advertising. Steenkamp, 
criticizing the lack of empirical proof for most of the existing 
models, defines perceived (product) quality as: “…an 
idiosyncratic value judgment with respect to the fitness for 
consumption of the product which is based upon the 
conscious and/or unconscious processing of appropriate and 
available intrinsic and extrinsic quality cues in relation to 
relevant experience, perceived quality risk, quality-
consciousness, usage goals, and other personal and situational 
variables [22].” He also identifies price, brand name, store 
name, country of origin and the physical product as influences 
on product quality perception. 
In 1992, Castleberry and McIntyre propose a marketer-
oriented definition of perceived quality as: “…a belief about 
the degree of excellence of a good or service that is derived 
by examining consciously and/or unconsciously, relevant cues 
that are appropriate and available, and made within the 
context of prior experience, relative alternatives, evaluative 
criteria, and/or expectations [2]”. 
Driven by market and consumer research the models and 
ideas mentioned above give no advice on how to examine or 
elicit actual product attributes which affect the Perceived 
Quality. 
2.2. Recent development 
For manufacturing companies, especially from high-wage 
countries, technical quality and price have been key success 
factors for their products. Due to a consequent concentration 
on avoiding failures, reliable and highly functional products 
are offered by almost all participants in a respective market. 
This can also be ascribed to the fact that the same suppliers 
can be found throughout many different supply chains. 
Different studies show that, besides reliability and 
functionality, subjective factors like quality perception, brand 
image, price and design have an increasing influence on 
customers’ product judgement [7; 11]. In the future, a 
differentiation from competitors can only be achieved with 
products which do not only hold high (technical) quality, but 
are also perceived as such by the customer [10]. 
Findings can be merged into the following statements [18]: 
x Perceived quality significantly influences the customer’s 
opinion and, therefore, has an impact on the purchase 
decision and, subsequently, customer satisfaction. 
x The perception of quality characteristics is a subjective 
process and happens consciously as well as unconsciously 
in order to satisfy evident and hidden customer needs and 
requirements. 
x Due to the incomplete information gathered by the 
customer, perceived quality is often based on the 
comparison of quality characteristics according to his 
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intended use as well as his expectations. This comparison 
can either be direct or recalled from memory. 
With respect to consumer durables, perceived quality is the 
result of a cognitive and emotional comparison process 
between customer’s conscious and unconscious expectations 
regarding criteria such as price, design, brand image or 
product experiences and the realised technical product 
features in specific situations of use.  
Taking Perceived Quality into account also has great effect 
on companies’ product development processes. Between 
market-push and technology-push the subliminal need for a 
proper quality impression affects all departments involved in 
the development process. Only a sequential break down of the 
customers’ quality impression into reproducible technical 
parameters and a subsequent systematic integration into the 
product development enables the conducive manipulation of 
quality perception. Most of the existing approaches of 
customer surveys to identify, weight and validate product 
features stumble upon problems related to insufficient 
customer expertise [20]. This means the customer is not really 
able to express himself and his requirements. It can be 
ascribed to the fact, that the customers themselves are often 
not aware of their impressions and perceptions [12]. The 
results of these approaches, however, are hardly useful or 
objective for production technology [24]. 
To enhance the identification of product attributes and 
parameters which are relevant for the customers’ quality 
perception and judgment, as well as to safeguard a 
comprehensive nature during this identification, Schmitt et al. 
propose a structured approach, displayed in Figure 1. 
Fig. 1. Structure for Perceived Quality [17]. 
This structure consists of five steps, each with an 
increasing depth of information on customers’ perception of a 
product.   
1. The ‘Overall Impression’ forms the first level of product 
evaluation from the customer’s perspective. Judgments 
are based less on concrete attributes and more on 
harmonic aspects.   
2. ‘Perception Clusters’ are formed by functional or 
harmonic associations and are seen as ‘one unit’. This 
level is optional and only necessary for large or complex 
products. 
3. The level of ‘Quality Attributes’ consists of functions or 
parts that determine the customer’s judgment. These 
would be mentioned by him in a survey for example. 
4. The fourth level, called ‘Descriptors’, establishes a 
meta-level between a part the customer likes/dislikes 
and the technical parameters which describe it. 
5. Technical Parameters’ form the final step that closes the 
identification process and reveals the controllable 
factors to manipulate the customer’s judgment. 
2.3. Existing methods for elicitation 
The identification of requirements and associated product 
attributes are essential tasks of companies’ marketing 
departments. A variety of different methods and tools are used 
to extract customer demands and expectations and to link 
these with corresponding technical attributes [25]. 
Table 1. Methods for the elicitation of customers’ quality perception [17]. 
Method 
Quantitative/ 
qualitative
Granularity 
Open interview qualitative low 
Questionnaire quantitative low/medium 
Focus groups qualitative low/medium 
Repitory-Grid qualitative low 
Multiattributive
scaling
qualitative medium 
Benchmark qualitative medium 
Conjoint analysis quantitative high 
Semantic 
differential 
both medium 
These methods differ primarily in granularity and type of 
the ascertained information (see Table 1). In general, the 
demands and expectations of customers are recorded on a 
very colloquial level due to the customers’ lack of 
technological knowledge, which means that the 
transformation into technical parameters is open to 
interpretations by the product development department. This 
is suitable for the first three levels of the presented perceived 
quality structure. The fourth level, the descriptors, referring to 
sensory sensation, presents a special challenge regarding the 
means of investigation. This is where descriptive analyses 
have to be applied. This refers to the basic application of the 
mentioned methods. Results similar to those of the descriptive 
analyses might be possible using an adequate adaption or 
combination .
3. Step1: Descriptive Analysis 
Step 1 of the presented approach is the transfer of 
Descriptive Analysis. The origins of Descriptive Analysis can 
be found in the food industry and were first used for quality 
assurance regarding taste and aromas. As the term indicates, 
descriptive analyses are used to “describe” certain product 
attributes, using a vocabulary or word anchors the customers 
know. To obtain this information a combination of individual 
assessment, group discussion and empirical validation is 
applied [9; 15].  
The basic idea in food science is to strip an unknown 
flavour down to common aromas and differentiate intensity 
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and composition. These aromas can afterwards be evaluated 
by naive/untrained persons. Free Choice Profiling, 
Quantitative Descriptive Analysis, Flavour Profile Method, 
Spectrum Descriptive Analysis and Flash Profiling represent 
some variants of descriptive analyses in food science. Main 
differences can be found in the presentation of subjects, the 
intensity of training as well as the size of the panel [23]. A 
summary of different proceedings in Descriptive Analyses can 
be found with Piper/Scharf [15]. 
The following sections show the proceeding used in recent 
research projects. Constitutive elements of this Descriptive 
Analysis are (see Figure 2) 
1. the identification of descriptors with a proband panel, 
2. the evaluation of different subjects in an empirical study 
and
3. the correlation with product characteristics. 
Fig. 2. Information Circle. 
3.1. Identification 
Due to the fact, that the identification of descriptors 
demands a certain familiarity with the subject itself on the one 
hand, and the willingness to openly discuss the own 
impression on a more or less neutral level on the other hand, it 
cannot be done just with “naive” probands. Panels are used 
instead. In several sessions the panel repeatedly develops 
descriptors and evaluates the characteristics for a number of 
subjects. The reason for not using experts is that for an 
ensuing empirical study with naive, untrained persons, the 
vocabulary has to be as unambiguous as necessary but also as 
colloquial as possible to avoid further explanations and 
protocols. Main requirements for a descriptor are  
x scalability, 
x assessability for each subject and 
x unambiguousness. 
3.2. Evaluation 
To get a reliable data base for the correlation of human 
impression and measured values an empirical study with a 
representative amount of probands from the company’s target 
group is necessary. The probands are asked to evaluate the 
given subjects regarding the developed list of descriptors. At 
this stage an overall quality impression can also be surveyed. 
The study is followed by a series of statistical analyses to 
identify clusters and interdependencies and therefore the 
“quality” of the descriptors: 
x Analysis of interdependencies to identify the uniqueness 
and informative value of each descriptor. 
x Regression analysis to define the contribution of each 
descriptor to the overall quality impression. 
x Analysis of variance to determine the distinctness of 
descriptors as well as subjects.  
x Principal Component Analysis to identify latent factors 
behind the descriptors. 
Due to the usage of naive probands and the ‘colloquial’ 
questionnaire, the deviation of the descriptors can be 
comparatively large. At some point a further decomposition of 
a descriptor might become necessary and an additional study 
inevitable to insure the validity of the results. 
3.3. Correlation 
The last step is to correlate the evaluations with the product 
characteristics. In case of single-sense impressions these 
characteristics might not be best represented by a production 
parameter but by measurement values.  It is crucial to identify 
the proper measurement values. As there are often several 
measurements and corresponding values available, the 
selection has to be narrowed down to reduce the overlap and 
thus the misinterpretation. It might take a few iterations to 
find the appropriate set of measurement values, which best 
reflects the subjective impressions (descriptors) of the 
customers. 
Only a few cases are documented, where descriptive 
analysis has found its way into the investigation of consumer 
durables, e.g. for lighter sound, tennis balls or headphones [5; 
6; 21]. The greatest obstacle is that for each product/attribute 
a new set of descriptors has to be developed. 
4. Step 2: Integration into the HoQ 
The QFD and the traditional HoQ provide the basis for this 
integration. This is not only because of the QFD’s intention of 
gathering, connecting and visualizing all sorts of customer 
related quality data, which would especially address 
Perceived Quality data. The matrixes and perspectives of the 
HoQ at the 1st Stage of the QFD suit the different 
investigations and analysis of descriptive investigations [16]. 
Though the QFD has been used in and proposed for food 
product development and the results from descriptive analysis 
have been integrated indirectly, the combination of consumer 
durables, sensory perception and measurement values in 
absence of concrete product attributes has not [1; 3; 8]. 
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Fig. 3. 1st Stage HoQ. 
The segments can be addressed by the depicted steps and 
results as followed: 
1. Customer requirements: The descriptors from the 
panel take the place of the customer requirements. 
Though not backed with any preference, they represent 
the levers for the manipulation of customer’s 
perception. Latent factors or topics to group the 
descriptors can be identified by using a factor analysis. 
2. Importance of customer requirements: Due to the 
absence of a preference rating, no direct importance 
can be given. Instead the importance can be projected 
onto a higher level of evaluation (e.g. overall quality 
impression). 
3. Product requirements: Instead of direct product 
requirements the descriptors are mirrored against 
measurement values. 
4. Correlation matrix: As mentioned, the measurement 
values can show a large overlap. This has to be taken 
into account. 
5. Relationship matrix: The relationship can be displayed 
either by scale or regression coefficients from the 
statistical analysis. 
6. Target values: Target values are highly dependent on 
the correlation between descriptors and measurement 
values. But without a higher goal (e.g. improvement of 
quality) they cannot be derived.  
7. Customer competitive assessment: The competitive 
assessment from the customers’ point of view is 
replaced by a comparison of the different objects 
based on the evaluation according to the list of 
descriptors. 
8. Engineering competitive assessment: The competitive 
assessment from the engineering point of view is 
replaced by a comparison of the different objects 
based on the measurement values. 
9. Importance of product requirements: Just like the 
original importance of product requirements, the 
importance of the measurement values indicates the 
relevance of certain characteristics. In a first step it 
merely indicates how to change a product in the 
customers’ perception, but not how to improve it. It is 
also not calculated by the sum of all 
descriptor/measurement-relationships, but result of an 
analysis of variance and therefore independent from 
the relationship matrix. 
Fig. 4. Sensory QFD Example. 
5. Exemplary application 
To give an example on how an integration works, content 
from an Descriptive Analysis of the haptic of leather surfaces 
is used:  
x Goal is the discrimination of the touch of leather surfaces 
by naive customers. 
x The panel sessions resulted in 13 descriptors: contact 
temperature, hardness, density of structure, regularity of 
structure, differences in structure according to direction, 
edges in structure, planeness, roughness, adherence, 
memory effect, slipperiness, stretch ability and the 
temperature-development. 
x 36 different surfaces were evaluated in an empirical study. 
x More than 20 measurement values were collected (e.g. 
roughness, flexibility, hardness, friction and adhesion). 
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x The quality of the correlations is rated by different 
statistical criteria (R², Standard Error). 
The values given in Figure 4 just picture an excerpt of all 
findings. However, the figure should provide an graphical 
display of a possible application and, at the same time, 
indicate the extent of necessary data for such an approach.  
By using the matrix customer’s evaluation of leather 
surfaces can be predicted and manipulated according to the 
recent application.  
6. Discussion 
The application of Descriptive Analysis for the 
investigation of customers’ quality perception of consumer 
durables is still subject of present research. Additionally, both, 
the descriptive analysis of consumer durables as well as the 
integration into the HoQ bare certain imponderables:  
x The comprehensiveness of descriptors based on a panel of 
8-12 persons might be questionable. 
x The descriptors are often highly dependent, a fact that has 
not yet been considered in the HoQ. 
x The depicted HoQ, just like the descriptors, forms a meta-
level itself. The survey of customer requirements is a 
superordinate target and the product requirements have to 
be derived from the measurement values. 
x If regression coefficients are used instead of the traditional 
strength-indicators in the relationship matrix, a way must 
be found to deal with the (statistical) residuums. 
The presented approach as well as the example point 
towards possible topics for future research. The increasing 
importance of sensory sensations for product success 
emphasizes this remark. The systematic investigation and 
manipulation of sensation enables companies to develop 
distinct tailored products for their customers. Next steps are 
the extension of haptic research as well as starting multimodal 
investigations. 
Acknowledgements 
The descriptive analysis of leather surfaces, which is 
mentioned in this work, is funded with budget funds of the 
Federal Ministries of Economics and Technology (BMWi) via 
the German Federation of Industrial Research Associations 
„Otto von Guericke“ e.V. (AiF) (IGF-Nr.: 16134 BG /2) and 
supported by the Development Association of the Research 
Institute for Leather and Artificial Leather (FILK). The 
authors would like to thank all parties involved for funding 
and support. 
References 
[1] Benner M, Linnemann AR., Jongen WMF, Folstar P. Quality Function 
Deployment - can it be used to develop food products? Food Quality and 
Preference. 2003; 14: 327-339. 
[2] Castleberry S, McIntyre FS. Consumers Quality Evaluation Process. J 
Applied Business Research. 1992; 8(3):74-82. 
[3] Costa AIA, Dekker M, Jongen WMF. Quality Function Deployment in 
the Food Industry: a review. Trends in Food Science and Technology. 
2001; 11:306-314. 
[4] Garvin DA. What does ‘Product Quality’ really mean? Sloan 
Management Review. 1984; Fall: 25-43. 
[5] Lageat T, Czellar S, Laurent G. Engineering Hedonic Attributes to 
Generate Perceptions of Luxury: Consumer Perception of an Everyday 
Sound. Marketing Letters. 2003; 14(2): 97. 
[6] Lorho G. Individual Vocabulary Profiling of Spatial Enhancement 
Systems for Stereo Headphone Reproduction. In: 119th Convention of the 
Audio Engineering Society. 2005. 
[7] Lüthi E. Produkte in Bestform [Products in Best Form]. Swiss 
Engineering. 2006; 12: 73-75. 
[8] Mazur GH. QFD in the Food Processing Industry. QFD Institute. 
Available (May 2011): http://www.mazur.net/works/Mazur 2008 QFD in 
the Food Processing Industry.pdf  
[9] Moskowitz HR, Beckley JH, Resurrecion AVA. Sensory and Consumer 
Research in Food Product Design and Development. Ames: Blackwell 
Publishing; 2006. 
[10] Moss C. (2006). Der Beitrag von Fertigungsstrategien zur 
Marktorientierung industrieller Unternehmen. Eine empirische Analyse 
im Rahmen des Projektes „International Manufacturing Strategy Survey“ 
[The Contribution of Manufacturing Strategies Towards Market 
Orientation of Industrial Companies. An Empirical Analysis within the 
Project “International Manufacturing Strategy Survey”]. Mannheim: 
Doctoral Thesis; 2006. German. 
[11] Müller H. Die Wirkung der Marke auf die Produktwahrnehmung – 
Empirische Befunde von Produkttests im deutschen Zigarettenmarkt 
[Brand Impact on Product Perception – Empirical Evidence from Product 
Tests in the German Cigarette Market]. FEMM Working Paper, no. 9; 
2007. German. 
[12] Nelson RR. The Role of Knowledge in R&D Efficiency. Quarterly J of 
Economics. 1982; 97(3): 453-470. 
[13] Olson JC. Cue Utilization in the Quality Perception Process: A cognitive 
Model and an Empirical Test. Purdue University: Unpublished doctoral 
dissertation; 1972. 
[14] Olson JC, Jacoby J. Cue utilization in the quality perception process. 
Proceedings of the 2nd annual Convention of the Association for 
Consumer Research. 1972; 2:167-179. 
[15] Piper D, Scharf A. Descriptive Analysis – State of the art and recent 
developments. Series Sensory Analysis No.1. 2nd ed. Göttingen: 
Forschungsforum; 2006. 
[16] Saatweber J. Customer Orientation through Quality Function 
Deployment. 2nd ed. Düsseldorf: Symposion Publishing; 2007. 
[17] Schmitt R, Falk B, Quattelbaum B. Product Quality from the Customers' 
Perspective - Systematic Elicitation and Deployment of Perceived Quality 
Information. In: Huang GQ, Mak KL, Maropoulos PG: Proceedings of the 
6th CIRP-Sponsored International Conference on Digital Enterprise 
Technology. Berlin: Springer; 2009. p. 211-222. 
[18] Schmitt R, Quattelbaum B, Lieb H. Perceived Quality as a key factor for 
strategic change in product development. In: Conference Proceedings 
IEMC-Europe 2008. Piscataway: IEEE; 2008. p. 311-316.  
[19] Shapiro BP. The effect of Price on Purchase Behaviour. Working Paper. 
Boston: Harvard University; 1970. 
[20] Snelders D, Schoormanns, JPL. The Relation between Concrete and 
Abstract Attributes. In: European Marketing Academy 30th Conference 
Proceedings. Bergen, (Norway); 2001. 
[21] Steel C, Jones R, Leaney PG. Human sensory evaluation of tennis balls 
for quality improvement. J Eng Man, 2007; 221(5): 799-807. 
[22] Steenkamp JBEM. Product Quality. Maastricht: Von Gorcum; 1989. 
[23] Stone H, Siedel JL. Sensory Evaluation Practices. 3rd. ed. Amsterdam, 
Boston: Elsevier Academic Press; 2004. 
[24] Recklies D. Understanding and Managing Customer Perception [Internet 
Article]. 2006 (Updated July 2006; Cited December 2013). Available 
from http://www.themanager.org/Marketing/Customer_Perception.htm 
[25] Yannou B. A methodology for integrating customers assessments during 
the conceptual design. In: Proceedings of the ASME Design Engineering 
Technical Conference; 2004. p 79-88. 
